ysthyroid eye disease is the most common cause of proptosis in adults, which typically presents as Graves' disease at the third and fourth decade of life. Sight is threatened by corneal exposure due to incomplete eyelid closure over a proptotic globe, uncontrolled ocular hypertension or optic nerve compression. Prevalence of glaucoma is reported to be greater in patients with Graves' orbitopathy (GO) than the general population. 1 Prevalence of OHT in patients with GO is estimated to be between 5 to 24%. [2] [3] [4] [5] This can be due to the enlargement of the extraocular muscles, adipose and connective tissue volume. 6 In such cases, visual field examination often shows diffuse nonglaucomatous abnormalities because of conjunctival and corneal disorders. 6 Early detection is therefore essential for the institution of a pressure-reducing treatment in order to stop or delay progressive loss of visual function. In clinical practice, glaucoma diagnosis is performed using ophthalmoscopic examination of the optic nerve head and visual field testing with standard automatic perimetry. 7, 8 Comparison of Retinal Nerve Fiber Layer and Ganglion Cell Complex with Optical Coherence Tomography in Thyroid-Associated Orbitopathy A AB BS ST TR RA AC CT T O Ob bj je ec ct ti iv ve e: : To compare retinal nerve fiber layer (RNFL) thickness and ganglion cell complex (GCC) thickness in eyes with Thyroid associated orbitopathy ( TAO ), in eyes with ocular hypertension ( OHT )+TAO and in a control group of healthy eyes. M Ma at te er ri ia al l a an nd d M Me et th ho od ds s: : In this retrospective and cross-sectional study, we compared 54 eyes of 54 patients diagnosed with TAO with 35 eyes of 35 healthy patients. Patients with TAO were divided into two subgroups according to their intraocular pressure ( IOP ) values. Patients with IOP levels ≤ 21 mmHg were classified as Group 1 (33 eyes of 33 patients) and patients with IOP levels > 21 mmHg were classified as Group 2 (21 eyes of 21 patients). R Re es su ul lt ts s: : Among 54 eyes with TAO, there were no significant differences in RNFL and GCC patterns between Group 1, Group 2 and the control group (Group 3). The mean deviation and pattern standard deviation were not significantly different between the groups. The FD-OCT parameters showed a strong correlation with MD and PSD values. C Co on nc cl lu us si io on n: : RNFL and GCC thickness values were evaluated with FD-OCT in eyes with TAO and OHT. Although there was no difference in the RNFL and GCC parameters between the patient and control groups, we think that RNFL and GCC thickness evaluation with eye-tracking OCT could represent on objective diagnostic technique for detecting optic neuropathy in TAO. Burcu DİRİM, In recent years, OCT has been most widely used for early detection of structural damage. The FD-OCT RTVue-100 (Optovue Inc, Fremont, CA) provides comprehensive glaucoma evaluation by measuring RNFL thickness and ganglion cell complex thickness which is defined as a combination of nerve fiber, ganglion cell and inner plexiform layers.
In this study we aimed to evaluate the glaucoma discrimination ability of GCC and RNFL thickness measured by the FD-OCT RTVue-100 in eyes with TAO and compare the data with the control group. The study was conducted in accordance with the tenets of the Declaration of Helsinki by obtaining written consent from all patients, with the approval of the local ethical review board.
MATERIAL AND METHODS
All patients with TAO who were referred to the Ophthalmology Department of the Research and Education Hospital between March 2011 and September 2012 were enrolled in this cross-sectional study. A total of 54 eyes of 54 patients diagnosed with TAO were classified into 2 groups according to their IOP. The eyes in Group 1 had an IOP ≤21 mmHg and the eyes in Group 2 (TAO+OHT group) had an IOP > 21 mmHg. The mean followup time of patients with TAO was 23,51 ± 18,16 months in the Group 1 and 28,09 ± 18,93 months in the Group 2.
We considered 35 healthy patients (35 eyes) as the control group. Inclusion criteria in the control group were lack of any previous thyroid disease or orbitopathy, an IOP < 21 mm Hg and normal optic nerve heads based on biomicroscopic fundus evaluation.
All patients underwent complete ophthalmic examination, including slit-lamp biomicroscopy of anterior and posterior segment, gonioscopy, Goldmann applanation tonometry, ultrasound pachymetry, papiller and macular imaging using FD-OCT. The standard visual field indices (mean deviation [MD] , pattern standard deviation [PSD]) were obtained from visual field (VF) examination using 30-2 standard automated perimetry (SAP) performed with a Humphrey Field Analyzer (HFA) (Carl Zeiss Meditec, Jena, Germany). Exclusion criteria for all groups were best corrected visual acuity < 20/40, spherical equivalent refractive error > +3.00 or <-6.00 diopters, diabetic retinopathy or other diseases that could cause VF loss or optic disc abnormalities and previous intraocular surgery.
The GCC and RNFL thickness values of the patients were measured by scanning with the RTVue-100 FD-OCT system (Optovue) in which glaucoma protocols include RNFL scan, optic nerve head scan, three dimensional disc scan and GCC scan. For all parameters, the instrument-provided classification is indicated in a color-coded manner which reflects the probability that the parameter falls within or outside the normal range determined by the normative database. All comparisons were adjusted for known effects of age, optic disc size and ethnicity.
If the value falls within the normal range (5-95%), it is colored green in order to indicate the classification "Within Normal Limits". If the value falls below the normal range (1-5%), it is colored yellow in order to indicate the classification "Borderline". If the value falls outside the normal range (<1%), it is colored red in order to reflect the classification "Outside Normal Limits".
STATISTICAL ANALYSIS
In the descriptive statistics of the data; mean, standard variation, median, lowest, highest, frequency and ratio values were used. In the analysis of quantitative data, chi-square test was used. The distribution of the variables was measured by the Kolmogorov-Smirnov test. In the analysis of qualitative data, the Kruskal-Wallis test was used whereas the Mann-Whitney U test was used in the sub analyses. SPSS 22.0 program was utilized in the analyses.
RESULTS
The clinical characteristics of the 3 groups are shown in Table 1 . The average, superior and inferior thickness values of RNFL and GCC in the evaluated groups are shown in Table 2 . No significant differences were present among the groups in terms of age and visual acuity. In all cases, the iridocorneal angle was open on gonioscopy. No cases of optic nerve head atrophy were present.
In the control group, the mean visual acuity was 20/20, the mean IOP was 18±0. 3 Table 3 .
No significant differences were observed between the patients in Group 1 and Group 2 in terms of age, gender or rate of smoking ( p>0.05). The mean Hertel and TAO values in Group 1 were significantly lower than those in Group 2 (p<0.05) ( Figure 1, Table 1 ). Also the average MD and PSD values did not differ between the groups and showed a strong correlation with the FD-OCT parameters (p>0.05). There were no significant differences in neither groups or the control group in terms of RNFL Avg, superiorand inferior values ( Figure 2 , Table 2 ) (p>0.05). In the group 2, the average and superior GCC values were higher than the group 1 and 3 (p˂0,05) ( Table 2 ). But average, superior and inferior GCC values did not differ between the group 1 and 3 (p˃0,05) ( Table 2) .
DISCUSSION
This observational cross-sectional study reported the evaluation of RNFL and GCC thickness values in patients with TAO and in a control group. In this study, there was no significant difference between the patients with TAO (Group 1), patients with TAO and OHT (Group 2) and the control group (Group 3) in terms of RNFL values of superior and inferior quadrant and mean RNFL values. Further, the mean GCC values did not differ within the 3 groups.
Among all eyes with TAO and the control group, a high correlation was found between RNFL and GCC thickness values, and also these values were correlated with visual field (VF) defects.
Autopsy studies of glaucoma cases have shown that standard automated perimetry ( SAP ) does not detect VF defects until approximately 30-50% of the retinal ganglion cell axons have been lost. 9, 10 Several authors affirm that in primary open angle glaucoma and in compressive optic neuropathy, VF defects are anticipated by a loss of RNFL and this loss can be detected with OCT with moderate sensitivity and high specificity. [10] [11] [12] Our data suggests that abnormal values of RNFL and GCC in TAO may indicate an optic neuropathy masquerading as conjunctival and corneal disorder-related nonspecific VF defects. OCT has shown high sensitivity, specificity and reproducibility in assessing RNFL and GCC thickness and in detecting early damage in glaucoma and compressive optic neuropathy. [10] [11] [12] [13] [14] [15] [16] [17] In the absence of glaucomatous VF defects, RNFL and GCC thinning in the eyes with TAO, OHT and normal optic discs could suggest the presence of an early optic neuropathy.
OHT in TAO was present in 9 eyes (12%) which may be due to primary glaucoma or increased secondary compressive intraocular pressure. [18] [19] [20] In compressive optic neuropathy, RNFL thinning is related to the site of compression. 17, 21 Localized RNFL defects could be attributed to early glaucoma and may require an antiglaucomatous treatment. 22, 23 The purpose of this study is to detect the extent to which the RNFL and also GCC thickness values are affected in patients with TAO using the RTVue-100 FD-OCT system. To obtain better imaging quality for separating retinal layers, devices that have high resolution and provide improved signal quality are required. Leitgeb et al. reported the advantages of FD-OCT in terms of detailed imaging in their study comparing the new FD-OCT technique with time-domain OCT. 24 Although decrease in macular thickness and asymmetric changes were observed in association with glaucomatous retinal ganglion cell loss in previous studies, there is limited information about the clinical value of GCC measurements in glaucoma disease. 25 We aimed at quantitatively detecting the mean GCC and RNFL thickness values according to glaucoma suspicion in patients with TAO. In our study, we observed that GCC and RNFL values did not differ between the control and patient groups. This may be due to the fact that there was inadequate time for glaucomatous changes to occur in the patients with TAO.
A limitation of this study lies in the impossibility to exactly separate the glaucoma-associated RNFL thinning from thinning due to other forms of compressive optic neuropathy. Our results suggest a suspicious role of OCT in detecting early glaucoma in eyes with TAO+OHT. On the other hand, while VF results may contain changes unrelated to the optic nerve, RNFL and GCC imaging analysis seems advisable for detecting optic nerve pathologies in the evaluation of TAO.
In conclusion, RNFL and GCC thickness values were evaluated with FD-OCT in eyes with TAO and OHT. Although there was no difference in the RNFL and GCC parameters between the patients and control groups, we think that RNFL and GCC thickness evaluation with eye-tracking OCT could represent on objective diagnostic technique for detecting optic neuropathy in TAO.
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